Beams with Corrugated Webs by Sherman, Donald & Fisher, James
Missouri University of Science and Technology 
Scholars' Mine 
International Specialty Conference on Cold-
Formed Steel Structures 
(1971) - 1st International Specialty Conference 
on Cold-Formed Steel Structures 
Aug 20th, 12:00 AM 
Beams with Corrugated Webs 
Donald Sherman 
James Fisher 
Follow this and additional works at: https://scholarsmine.mst.edu/isccss 
 Part of the Structural Engineering Commons 
Recommended Citation 
Sherman, Donald and Fisher, James, "Beams with Corrugated Webs" (1971). International Specialty 
Conference on Cold-Formed Steel Structures. 4. 
https://scholarsmine.mst.edu/isccss/1iccfss/1iccfss-session6/4 
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been 
accepted for inclusion in International Specialty Conference on Cold-Formed Steel Structures by an authorized 
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including 
reproduction for redistribution requires the permission of the copyright holder. For more information, please 
contact scholarsmine@mst.edu. 
BEAM! WITH CORRUGATED WEBS 
by Donald She...,.n, M. ASCE1 
and James Fisher, A.M. ASCE2 
INTRODUCTION 
Extremely thin webs are usually required in beams and joists if the web 
material is to be efficiently used to full capacity based on the yield strength. 
The economy of such webs is Nduced by the fabrication costs involved in 
attaching the stiffeners required to prevent premature stability failures and 
develop the post buckling strength. Attempts to use web material more efficiently 
without imposing prohibitive fabrication costs have led to the development of 
bar joists, sandwich webs,. and webs of corrugated metal( 3 ). The t'ests naported 
herein were conducted to detemine how much connection is required between the 
flanges anrl a liy,ht gage corNR:ated web to develop the full yield strength. 
Comparisons with simple beam theory weJ"e also made to determine if the influence 
of corrugated webs could easily be incorporated into design procedures. 
Twenty-five tests of beams with three different web thicknesses indicate 
that only the longitudinal portions of the corrugations need to be connected 
to the flange. Connecting the diagonal portions of the corrugation has little 
or no effect on either the strength or stiffness of the beam. It is further 
shown that usin~ the actual thickness of the web material and ignoring the 
corrull:ation will adequately predict the beam defleetion and shear stress. 
However, shear distortion must be included in deflection calculations since 
it can account for more than half the total deflection. Elastic stability 
theory applied to the corruga~ed weh predicted that the yield strength would 
be developed before either ~eneral web bucklinA; or local bucklinR of the 
corrugation panels occurred. Thf'l tests verified this prediction. 
TEST PROGRAM 
The initial test schedule called for beams to be tested with 20, 2'+ and 
26 ~auge corrugated webs which would be suitable for li~ht joists. The flanges 
and dimensions of all beams were identical. They are shown in Figure 1. 
four types of connections were used. 
1. continuous fillets on hoth sides of the web 
2. fillP.ts on both sides of the straight portion only 
3. fillets on the outermost side of the straight portion only 
"'. fillets on the outermost side of the straight portion, 
50\ of tho straight length. 
These are also shown in rigure 1. 
Both manual arc weld~!!d and soldered connections were used in the beam 
fahricat ion. One pilot test used an epoxy connection. Since automatic: or 
MIG welding equipment was not available, it was found that welding was impossible 
on beams with 26g. webs and extremely difficult on beams with 21fg. webs. At 
the same time, soldered connections were limited by strength, particularly when 
the fillets were reduced in length. In comparing the continuously connected 
beams of the ?Og. series and the pattern of results for the 21+-g. beau, it was 
decided that the method of connecting had little or no influence on the test 
results. Since soldering was less expensive and had less tendency to distort 
the beams, it was the preferred •thod of connecting the web. Weldin1 was 
used only when dictated by atrenRth. It must be noted that all beams were 
intended to f<~il in the web. StNngth of flanges and connections were not part 
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of the study. Hence any connection which could develop the web strength was 
considered satisfactory even though it was not commercially practical. 
Initially bea!'ing stiffeners were tack welded to both sides of the web 
at concentrated loads and reactions. However, for 26g. webs welding was 
impossible and soldering could be performed on one side only. Hence, single 
stiffeners had to be used. These were staggered on opposite sides of the 
web along the length. It was later determined that the single stiffeners 
provided adequate strength fo!' all beams. Test results were not influenced 
by the use of double O!' single bearing stiffeners. 
The beams were tested with a simple span support and concentrated load 
at midspan. Midspan deflections vere measured on both sides of the beam with 
.001" dial indicators. Readings from the dial indicators were averaged to give 
vertical deflection only. The top flange was braced against lateral deflection 
at the ends of the beam and at the load location. rigure 2 is a view of the 
general test setup. 
Each beam was loaded to 1000 lb. and checked for twist at midspan. Shims 
were added under the supports or load until the twist was minimized. Deflection 
readings were taken in 500 lb. increments. The whitewash coating was con tin-
uously checked for evidence of yielding in the flange 011 distress in the 
connection. 
TEST RESULTS 
Table l is a summary of all test resul1:s. The stiffness and proportional 
limit were obtained from the plotted l"esults of the load-deflection curves. 
Some typical cuMes are shown in Figure 3. 
The appearance or cause of each failuN was classified. Four basic types 
of failures were observed and the following classifica1:ion scheme was used. 
A - diagonal buckle through most of the depth. 
- buckling of the small panels of the corruga'tion next to the flange. 
C - similar to B but accompanied by the tearing of the web material. 
It was not always determined which occ:uM'ed first; buckling or tearing. 
D - failure through the throat of the fillet or of the fillet bond. 
Typical examples of each type are shown in Figure If. Since they were web 
failu!'es, the first throee basic types are considered to be nonnal failures 
while Type D is considered premature. Figure 5 shows three examples which are 
mixed modes. 
In detemining average values for the beams in each category, all beams 
tested were used for stiffness unless a significant fabrieation defect was 
suspected. Beams which definitely had a Type D failure were not included in 
the ultimate strength average because they did not represent failures of the 
web. In several of the soldered beams, the failure was a combination of both 
Type D and TYPe B. These failures wore quite sudden and it was impossible to 
tell if the buckling initiated tho fillet crack or vice versa. In only one 
case (Beam llb) was a small buckle observed before the cNck developed. Since 
it is uncertain if buckling occurred first in the othel' c .. os, theil' atrengtha 
are not included in tho .vel'qe. 
Although there waa an inaufficient number of testa to dNw firm statistical 
conclusions, certain trends were evident. 
1. Shoal' diatortion plays an h1portant role in dotomining the 
stiftnoaa of the beaa. This is oviclanced by tho ~0' reduction 
in stiffno .. in goina fro11 tho 201. web to 26g. 
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SECTION A-A 
1 - 4"x 1/4" PLATE 
2- CORRUGATED WEB, 20 gage- 0.035" 
24 gage- 0. 026" 
26 gage- 0.021 " 
3- 2 1/ 4"x 1/ 4" x 11" Plate 
(1 1/2"x 1/ 4 "x 11" Plate Added on 
Oppo si te Side in Some Early Test s) 





























0 . 05 0.10 0.15 
CENTER DEFLECT ION (inches) 
BEAM 
FIGURE 3 TYTICAL LOA~ DEFLECTION CURVES 
l d 
0.20 




,' r ' 
~ 




FIGURE 4 BASIC FAILURE TYPES (PART 4 OF 4 ) FIGURE 4 BASIC FAILURE TYPES (PART 3 OF 4) 
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FIGURE 5 MIXED MJDE FAILURES (PART 3 OF 3) 
TABLE I • Slllllllary of Toot Results 




























































k 112 D 
tcrz~ 
k a. 98 + ~ (fixed edges assumed because of the 
(a/b) 2 ' corrugation to flange type connection) 
a = length between bearing stiffeners 
b = web depth 




For general buckling, the moment of inertia of the corrugation about the 
central axis was used for I. Neglecting third order terms of the web thiCkness, 
h, in the moment of the inertia calculation, tcr is independent of h and is 
equal to 19.2 ksi for the web geometry used. 
5a 136 8 .o 11.0* D/8 The c:ritical stress corresponds to critical loads of l6.~l, 11.8k and 
Sh 
Sc 
135 11.0 16.3 
116 6.8 1~.3 
A/B 
D/B 9.6k for the 20, 2~, and 26 gage webs respectively. The critical stress is also 
5d 109 10.0 15.5 B 
ave 12~ I'5":'9 approximately equal to the shear yield strength of the weh material, which was 
6a 12~ 9.0 13.0 0/B 22 ksi. Thus, the webs tested would be expected to buckle and yield almost 
----------------------------------------------7a 
7b 
145 ... 5 12.8 
122 
B/A simultaneously. This type of behavior was observed in the test specimens, in 
B 7 .o 12.8 
ave 133 I'2.8 
26 gauge series 
9a 101 7.5 8.3 
9b 90 5 .o 5 .... 
9c 88 6.5 8.0 
ave 93 if:T 
lOa 92 6 .o 8.6 
lOb 85 s. 2 8.5 
ave 88 a:s 
lla 90 1.4 3.8. 
llb 93 6.0 7.9 
llc 97 s.o 5.1• 
ave 93 7.9 
Notes: (1) See rigurf'! 1 for connection type designation 
( 2) e - epoxy; w - welded; s - soldered 
(3) ~indicates values not included in average 
( 4) see F'igure 3 for basis types 
2. Attachment of the diagonal portion of the web has little effect 
on either the stiffness or the ultimate strength as shown by 
similar results for types 1 and 2 connections. (The corrugated 
web contains a straight portion which is parallel to the axis of 
the beam and a diagonal which makes a 45° angle with the beam axis.) 
3. The local buckling strength of the web depends on the out-of-plane 
fixity of the web provided by the fillets of the connection. 
Consequently, using a fillet on only one side of the flat portion 
of the web (connection type 3) produces a slight strength reduction, 
This condition did not alter the initial stiffness. 
'+. As the length of fillet is decreased, the concentration of force 
may cause the web to tear in shear along the toe of the fillet. 
Reduction of the fillet length below tho Cl'itical length at which 
the failure mode switches from buckling to tearing produces a 
significant loss of strength. A corresponding reduction in 
initial stiffness is also noted in the type 4 connections. 







General Web Buckling and Local Web Buckling - A rigorous solution for the elastic 
buckling strength of corrugated metal weba in shear is available ( 1 ). The present 
study, however, is based on the philosophy that buckling should not occur before 
the full yield strength is developed in the web. Consequently, a simpler 
approach can be used to check that the buckling strength is grsator than yield. 
The classical equation for elastic buckling of a plate subjected to shear<•> is 
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that specimens lb, 3a, Sb, and 7a fonned diagonal buckles at their failure 
loads. The beams constructed from the 26 gage web material failed prior to 
reaching the critical load of 9.6k, and no diagonal buckles wen~ present. 
Elastic local buckling of the individual subpanels in the webs, i.e. the 
12 11 x 1" flat sections, was not expected. Predicted buckling loads for these 
subpanels indicated that the webs would be fully yielded prior to this local 
instability. These loads were again based on Equation (1). However, in thi' 
case the tems were defined as 
:: 5.35 + --"-
(a/b)2 
a = web depth 
b subpanel width 
plate thickness 
·~bh3 ,b=l" 
The critical elastic stress is S6. 7 ksi for the 76 ga,;e material which is much 
above yield. Local type buckles did occur in the webs (type B failure) but 
only after the webs had yielded or after the solder fillets connecting the 
webs to the flanges failed. 
Web-to-Flange Connect ion Failures - Two failure types were observed at the 
connection between the webs and the flanges of the test specimens. The D 
type failure was a failure through the throat of the solder fillets or of 
the fillet bond and the C type failure was a tearing of the web material. 
Table 2 shows the shear stresses in the fillets for all of the D type failures 
at the ultimate loads. These stresses were calculated from 
T = ~ It 
where t, the throat thickness of the fillet, was taken as %-11 • The values of 







1 11.0 2.05 
l 1~.3 2.68 
2 13.0 ... 85 
1 5.~ l,OQ 
3 3.8 2.88 
3 5.1 3,85 
TABLE 2 CALCULATED SHEAR STRESSES FOR BEAMS 
FAILING Ill THE WEI TO FLAIIGE FILLETS, 
the failure stresses in Table 2 are of magnitudes that would be expected for 
a soldered joint and the variation is within the variation of the actual fillet 
sizes. 
The tearing type failures in the 20 gage series of tests became dominant 
as decreased fillet length forced more shear flow to be concentrated in one 
location of the web. The shear stresses at the failure load which appear in 
Table 3., were calculated by Equation (2), using has the web thickness and 
applying a correction factor for the connection type. This correction facto!" 
is the average length of connection per unit lenp;th of beam; "J/1.707 for 
Type 1, 1/1.707 for Types 2 and 3, and 0.5/1.707 for Type 4. Tile avera~~te 
tearing stress is 38.2 ksi. 
No tearing type failures occurred in the 24 and 26 gage tests 1 and all 
failure stresses were less than the computed average failure stress of 
38.2 ksi. Based on these results a correlation exists between shear stresses 
computed using Equation (2) and the tearing type failure. Motte tests will 
yi~ld conclusive results which designers could use to prevent this type of 
failure from occurrin~ in corru~ated webs. 
Stiffness - 'T'he initial slope of the load-deflection cur'Ves as shown in 
Fi~ure 3 can be accurately predicted for the corrugated web beams. Finite 
clement analysis has been used to predict the stiffness when only a spot 
(:?) 
connection between the flange and web is used • However, the present 
study is concerned only with connections which have sufficient continuity so 
that the stiffness is not affected. Conse<:~,uently, in the corrugated beams, 
where the shear deflections are prominent, stiffness calculations are made 
by Equation ( J) 
I I Averap:e Web 
r.eries C'onnection Ultimate Load Shear Stress 
I 
1 1 lB. 3 17 .o 
,, 
2 2 18.5 ::\4.4* 
"' :'1 
c 1 3 17 .o 31.6* 
N 
4 4 11.1 48,6• 
5 1 15,g :10.3 
0 
" . h 2 13.0 33.0 hl•! 
~ 
"' 1 7 3 12.8 3:1,6 
I g 1 8.1 1 ... 5 I 
~~ 10 
! 
2 8.5 27,0 
~ 11 3 7.9 :15.2 
I 
Denotes series in which tearin~ type failure occurl"ed 
TABLE 3 CALCULATED WEB SHBAR STRESSBS 
6T the total he am deflect ion 
1 Pt3 
o, the cil! fleet ion due to bendin~ = ijif Ef 
6 
5 
the deflection due to shear = ~ r ~ 0 
is a factor which depends on the form of the cross section( 2 ) For an 
type sect ion 
where 




o1 s distance from neutral axis to the nearest surface of the flange 
o, - distance from neutral axis to ext'NM :fiber 
t 1 = thickness of web 
t 2 = width of flange 
r = radius of gyN.tion of section with respect to the neutr-al axis. 
The results of these calculations are shown in Table 4 along with the 
experimentally obtained stiftnesses. Good agree111ent is ohtained. 
Figure 6 is a plot of the percent of shear deflection to total deflection 
at the beam center line as a function of the thickness of the web. The average 
values for the three gage thicknesses are shown on the curve. For the span 
to depth ratio used in these tests 1 this curve illustrates the importance of 
the shear deflect ion in the corrugated webs. 
In general, the c011parison of the test results with analytical c:otnputations 
indicated that: 
1. It lillY be possible to predict general web and local web stability 
using classical buckling equations; however fUJ"ther tests would 
be required to verify this assumption. 




165 15" 7.1 
126 127 - , B 
102 92 11.0 
TABLE " COMPARISON Of CALCULATED STifl'NESS VALUES 
AND EXPERIMENTALLY OBTAINED VALUES. 
2. The use of the shear flow equation applied to predictin~ fillet 
connection stresses and web shear stToesses gave reasonable results 
for the beams tested. 
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webs provided that the shear deflections are pi"'perlv accounted 
for in the analysis. 
100 
Simply Supported Beam with Center Load 
Span: 65 3/4" 
W~b Depth: 12" 
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FIGURE 6 RELATIVE D«FFRrAilCB 0'!' SHEAR DEFLBCTial AS A FUNCTICfl OF WEB 'IRICKIIESS 
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CONCLUSIONS 
The primary purpose of the test program was to detemine the minimum 
amount of web connect ion which would maintain the strength and stiffness of 
the corrugated beam webs under static load. From a fabrication viewpoint, 
the very satisfying conclusion is that a fillet on only one side of the 
longitudinal part of the web is sufficient, provided the fillet and web material 
are strong enough for the local shear stresses. The tests, however, verify this 
conclusion for only the corrugation configuration used. Aa the an,;le between 
the longitudinal and diap,onal portions varies or as the relative length of 
the lon~itudinal portion varies, the minimum amount of fillet may change. It 
is reasonable to assume that for angles larger than Lt5° (approaching a square 
wave) or for increased longitudinal lengths, the conclusion of a -Fillet required 
on only the lon,v,itudinal portion will remain valid. However, for flatter 
angles or shorter len~ths (approaching a Vee wave) some fillet will obviously 
be required on the diagonal. Further study is required to establish the 
limiting criteria for a combination of angle and longitudinal length in which 
a fillet on only the lon~itudinal portion is required. 
Some useful information has also been obtained re~arding the prediction 
of stiffness and stresses in the beam. Computing the stiffness by classical 
bending and shear distortion equations is well justified, but again the limits 
of corrugation confip,uration for which this conclusion is valid need to be 
defined. Shear stress calculations by classical theory gives results which 
correlate with ohserved l'lehavior. However, more refined experimentation to 
measure stresses are required before firm conclusions regarding stress 
16 
calculations can b€! reached. 
Since the object of using a corrugated web is t'O develop the full yield 
strenr.th, concern with elastic buckling equations are not of prime interest. 
However, in order to avoid the necessity for testin,g each new web configuration, 
it is necessary to rleveloc an analytical criteria to preclude buckling, The 
pre5ent tests show t.,at two tvpes of bucklinr. are imnortant; ,51;eneral diagonal 
t>ucl-.1 in~ and loca 1 Llucl<" ling of corrugation panels. further test programs are 
required to prove that simple plate buckling theory can he adjusted to apply 
to corruP,aterl wehs whose stresses are near yield, 
Ultimately, there will be an interest in optimb.:in~ corrugation con-
fir,urations for webs, The immediate need is for establishing the limits for 
beam and corrup;ation parameters for which the analvsis and behavior as 
presented: he!"''!' in ~t'P. valid, 
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APPENDIX II - NOTATION 
len~th between hearin,g stl ffeners, web depth 





plate flexural stiffness 
distance from neutral axis to the nearest surface of 
the flanRe 
distance from neutral axis to extreme fiber 
YounP.;'S modulus 
numerical factor used in deflection calculations 
plate thickness 
moment of inertia 
numerical factor pertaining to buckling 
beam lena:th 
apolied load 
first moment of area 
radius of ~ation of section with respect to neutral axis 
throat thickness of fillet weld 
thickness of web 
width of flanc~e 
shear 
deflection due to bP.ndinp.; 
deflection due to shear 
total deflection 
Poisson's ratio 
critical hucklina: stress for shear 
